When the effects of respiratory distortion are eliminated by use of a filter, some means of distinguishing between complexes produced during inspiration and expiration become necessary. Initially, simultaneous pneumograms were recorded, using a rubber catheter inserted into one nostril and connected to a Sanbom electromanometer. It was later found that with the subject breathing quietly through his mouth and his head resting on a large, soft pillow, respiratory movement was detectable, but distortion minimal even without the filter, so that the pneumogram became unnecessary. Even when the unfiltered records were not wholly satisfactory, they could be used to identify the inspiratory and expiratory complexes in the filtered record.
In 79 subjects, the sensitivity of the recorder was standardized so that 1 mv. produced a 1 cm. deflection; in the remainder it was adjusted so as to give the most satisfactory wave form. Tracings were taken with the subject lying either on the floor or on a built-in laboratory bench. Vibration of the building did not constitute a problem.
Insufficient emphasis has been laid on the practical difficulties inherent in ballistocardiography. A degree of patient co-operation comparable to that required for an estimation of the basal metabolic rate is needed. An unsatisfactory tracing may result from lack of co-operation, inability to lie flat or to relax, involuntary leg movements, and local conditions making resting of the crossbar squarely across the shins impossible. Of 100 patients, selected at random, to be assessed for suitability for ballistocardiographic examination, 16 were found to be temporarily and 25 permanently unsuitable, the reasons ranging from severe orthopncea to a leg amputation.
The grosser departures from normal are associated with an irregular, non-repetitive trace without clearly identifiable complexes, so that a Grade 3 or 4 ballistocardiogram gives a superficial impression of being a technically poor tracing. However, observations on the effect on the normal ballistocardiogram of deliberately produced muscle tension, foot movement, and involuntary tremor resulting from fatigue showed that it was not possible to reproduce any of the pathological forms. The complexes, though often impossible to interpret owing to distortion, remained clearly distinguishable and there were marked deviations in the base line, which remained level in an abnormal but technically satisfactory tracing.
A number of tracings had to be rejected in the light of these findings as technically too poor to be interpreted, the figure of 200 for the series being reached after this elimination. Faulty recording was almost always associated with visible body and leg movement or obvious irregularities in the movement of the light beam, as seen in the window of the photo-electric cell.
RESULTS
Applying Dock's criteria, 128 were found to be normal ( Fig. 1) , 23 to show a Grade 1, 2 a Grade 2, 4 a Grade 3, and 1 a Grade 4 abnormality: the remaining 44 did not fit into any of these groups. Category 1 in Tables I and II included 32 who were normal apart from an excessively large K wave, whose size in relation to the J wave varied between 0-8 : 1 and 1-5: 1. It was often the dominant downward stroke and occasionally the most prominent stroke of the whole complex ( Fig. 2 (Fig. 3) . The subjects in Grade 1 and the two special categories did not include an unduly high percentage of patients with conditions such as diabetes, likely to be associated with cardiac disease. The proportion indulging in strenuous exercise was only slightly less than among the normals. The group with deep K waves, the form usually associated with hypertension, contained only one person with a blood pressure of over 160/90. None of these departures from normal was associated with marked axis deviation. There was a tendency for Grade 1 to include a relatively larger number of underweight patients, but about a quarter of this group was actually overweight.
The students and staff were all under 35 years of age. The patients in this age group are distributed among the various classes in a manner similar to that of students and staff (Table I ). The (Fig. 4) . The records in the two special categories were no more variable than the normals. Single complexes that differed markedly from all others were seen not infrequently and considered to be artefacts.
With one exception, when the recorder sensitivity was standardized, the IJ waves of the normals fell in the ranges 5-22 mm. and 4-15 mm. in inspiration and expiration respectively. The IJ wave amplitudes of the subjects in Grade 1 and the two special categories lay within these limits. Among the normals in this group, who were all aged forty and under, there was a positive correlation s~~J\ /\~~A A. P i\AAr~~~~~v~~~., >~AA:.., 
LEON BRO TMA CHER 148
group.bmj.com on January 27, 2018 -Published by http://heart.bmj.com/ Downloaded from THE NORMAL BALLISTOCARDIOGRAM between mean IJ wave amplitude and height of subject (r=0.37, N=59; P<0 01), but not with weight (r=0 05).
The observations were repeated on 20 members of the student-staff group at intervals ranging from one month to two years. The pattern was virtually identical in 13, and in a further 5 the systolic complexes were similar, though there were differences in the diastolic ones (Fig. 5) , a variable number of L waves being larger than the J waves: these have been classified on the basis of the earlier findings. The remaining 2 showed changes in the relative depths of the I and K waves, but were normal on both occasions. The right-hand tracing, which is the later one, shows some decrease in the size of the diastolic complexes, but no change in the systolic ones. DISCUSSION The decision to regard any observation as abnormal is necessarily based on studies of a group of apparently healthy people. The range accepted as physiological is usually one within which the vast majority, rather than the complete population, fall. A conclusion that a particular finding is pathological must always be made with this reservation.
On this basis, ballistocardiograms with continuous abnormalities, such as very large H waves or diastolic deflections, could be regarded as abnormal, being present in only 1-5 per cent of a large series of normal subjects. Similarly, Grades 2, 3, and 4, with a combined incidence of 4 per cent, could be considered pathological. It can be seen from Table II that all these types of pathological tracings were seen in only 3 per cent of subjects under 45 years of age.
Similar considerations apply to systolic waves with the form of the letter M. The " early M " associated with an abnormally large H wave, was seen only four times, and then not in a fully developed form. The " late M " produced by a reduplication of the I wave, was not seen at all. The J wave was occasionally slurred, but never notched or split. The complexes were clear cut in all but the Grade 4 and three of the Grade 3 tracings, and absence of definition is, in consequence, to be regarded as abnormal.
On the other hand, the incidence of Grade I tracings is such that they can be regarded as a normal finding, especially in view of their occurrence in the early age groups. The factors that are thought to produce the respiratory changes in the ballistocardiogram, i.e. the effect of respiration on the blood flow in the venm cave and pulmonary veins, and secondarily on the output and force of contraction of the right and left ventricles, is enormously variable. The respiratory alteration in ballistocardiographic amplitude shows a continuous gradation from an amount that is hardly detectable to a more than threefold inspiratory increase, and any distinction drawn between tracings in which the change is more than twofold and those in which it is less is purely arbitrary. Jones (1952), using the low-frequency table ballistocardiograph, found this feature equally commonly in groups of patients with and without arteriosclerotic heart disease. present series. In any case, this feature can hardly supplant the sphygmomanometer as a means of detecting hypertension, and the observation of Brown et al. (1952) that the K wave becomes much shallower when the blood pressure is reduced by Veratrum viride means that this type of complex is of no value in the detection of previous hypertension, in, say, a patient suffering from shock. Table III shows the incidence of normality in the series when the revised criteria now being suggested are accepted. The age trend is still apparent, but the sex difference largely disappears. By standardizing the recording apparatus, it is possible to compare tracings with each other, and, on an empirical basis, to define for each height and age group, a range for the IJ amplitude beyond which a normal is unlikely to fall (Fig. 6) . The photo-electric instrument cannot, however, be used quantitatively, e.g. to measure cardiac output, as the responses of the body to a vibrating and a momentary force are totally different, and a valid method of calibration, which must be based on the response of the body to the former, has not as yet been devised. The results were found to be constant during any one period of observation suggesting that short-term variations, such as those described by Henderson (1953) , reflect real cardiovascular changes.
T'hese conclusions suggest that ballistocardiography is of more limited use than has hitherto been suggested. Its value in large-scale surveys is limited by the need to select from the population to be studied those with the ability and willingness to co-operate. Comparing different series, as in an endeavour to assess the incidence of cardiac involvement in a particular disease, would only be possible when the distribution of abnormalities is likely to be the same among the sections of the population that can and cannot be tested. This assumption could not be made in the case of diabetes, for example. Here, the type of person group.bmj.com on January 27, 2018 -Published by http://heart.bmj.com/ Downloaded from THE NORMAL BALLISTOCARDIOGRAM able to co-operate adequately in the test is likely to be the type of person who would approach his illness more sensibly and be better controlled, with resulting freedom from complications.
The ballistocardiograph detects weakening of the contractile force of the myocardium but not its cause. The typical patterns that have been described in a number of conditions, such as coarctation of the aorta and mitral stenosis, are of theoretical interest, but do not assist in diagnosis or assessment.
Ballistocardiography will stand or fall as an instrument of clinical practice by its value in the diagnosis and assessment of ischemic heart disease. Previous concepts concerning its value in the subject with possible angina need modification. The series of Brown et al. (1950) included 5 typical and 10 atypical cases in which the diagnosis of ischkmic heart disease was maintained in the absence of evidence of cardiac abnormality: they claimed that all of these had abnormal ballistocardiograms, though in 3 of each group there were Grade 1 records. Starr (1952) , who does not attach much importance to marked respiratory variation, and Scarborough et al. (1953) , who have demonstrated it in normal subjects in the older age groups, have reported physiological tracings in patients with angina (Starr and Wood, 1943; Scarborough et al. 1952 ). The differences, however, may not be wholly attributable to differing interpretations of the significance of respiratory variation. The single Grade 4 tracing in the present series was obtained from a subject with a considerably unfolded aorta. Dock (1954) has shown that this is often associated with pathological longitudinal but normal lateral ballistocardiograms and has suggested that change in direction of forces generated by a normal contraction of the heart is responsible. It would seem, therefore, that in a person with this feature no significance can be attached to a record that is grossly pathological. The need for a lateral tracing in these cases detracts considerably from the principal advantage of the photo-electric instrument-its simplicity.
The evidence presented suggests that a normal ballistocardiogram showing no marked respiratory variation is, in older subjects, evidence against the presence of ischemic heart disease, and that a grossly abnormal finding in a young person with no unfolding of the aorta is to be considered pathological. The conclusions apply equally to the diagnosis of angina pectoris or coronary thrombosis, past or present. Observations need to be made on subjects with suspected ischaemic heart disease in conjunction with an assessment of the position of the heart and the state of the aorta, and the ballistocardiograms with marked respiratory variation classified separately. Long-term studies are needed in order to determine whether there is a difference in prognosis in clinically comparable cases ofproven coronary artery disease with normal and abnormal ballistocardiograms.
SUMMARY AND CONCLUSIONS
Ballistocardiographic observations were made on 200 subjects without evidence of cardiovascular disease, using a photo-electric apparatus. The technical difficulties and the fallacies of quantitative deductions were pointed out. Qualitative analysis showed that 64 per cent were normal according to criteria laid down for the instrument. It was suggested that tracings in which there were a minority of abnormal complexes, with or without marked respiratory variation, and tracings normal apart from a large final systolic downstroke should be regarded as physiological. On this basis, 94 5 per cent of the tracings were normal. With the new criteria, as with the old, there was an increasing incidence of abnormality with increasing age.
The following conclusions about the practical values of ballistocardiography were reached.
(1) It can be used to assess the incidence of cardiac involvement in generalized disease processes, though problems of bias in selection arise.
(2) The effect of any agent, e.g. tobacco, on the cardiovascular system can be detected by observation of short-term changes.
(3) In a young subject with a vertical heart and no aortic unfolding, a grossly abnormal ballistocardiogram is evidence in favour of cardiac disease, and a normal tracing without respiratory variation suggests the presence of a normal heart, especially in an older person. 
